To investigate the factors that influence visceral fat accumulation in adolescence, we performed a medical examination of high school students and assessed abdominal fat thickness and fatty change of the liver. Methods: A cohort of 374 Japanese high school students aged 15 − 16 years (193 boys and 181 girls) in public high schools in Chiba prefecture were enrolled. Anthropometric parameters, blood cell count, blood chemistry and adipocytokine levels were measured. Preperitoneal fat thickness (PFT) and echoic contrast of the liver were measured by ultrasonography. Results: Anthropometric parameters, systolic blood pressure, blood cell count, ALT, AST, FBS, -GTP, HDL-C, LpL, UA, adiponectin, resistin and leptin levels differed between sexes. Multivariate regression analysis revealed that leptin was the most appropriate marker for PFT in both sexes (p 0.0001). Visceral obesity, categorized as PFT exceeding 8 mm, was observed in 9.6% of all students. Boys with visceral obesity showed apparent liver dysfunction, hyperlipidemia, hyperinsulinemia, and high leptin and low adiponectin levels. Overall, 16.6% of boys and 30.4% of girls showed hepatorenal echo contrast positivity. Boys with visceral obesity and fatty liver had more risk factors for atherosclerosis. Conclusions: Physical examination of high school students is important for early detection of atherosclerosis.
Introduction
The prevalence of obesity, as defined by the World Health Organization, is relatively low in Japan compared with western countries. According to a study by the Ministry of Health and Welfare, the per-centage of young women with a body mass index exceeding 25 kg/m 2 was only 7%, and more than 20% of Japanese young women had a body mass index less than 18.5 1) . There are many studies about adolescent obesity in western countries 2) , but it is unclear whether adolescent obesity occurs in Asian adolescents in the same manner because of the different environmental and genetic factors. Recently, the number of studies about metabolic responses in Asian adolescents has increased and some have evaluated the levels of biochemical data or compared the number of cardiovascular risk factors [3] [4] [5] ; however, few studies have assessed actual visceral fat accumulation. We had an opportunity to obtain anthropometric data of apparently healthy high school students, many of who belonged to sports teams. This is particularly important because insufficient data from high school student health checkups are currently available in Japan. To our knowledge, this is the first study to report abdominal fat thickness and fatty change of the liver using ultrasonography in Japanese high school students. In addition, we attempted to determine the prevalence of visceral fat accumulation in these students and to evaluate the causal associations between visceral fat accumulation and various other factors, such as adipocytokine levels.
Subjects and Methods

Subjects
The 374 study subjects were 193 boys and 181 girls, in the first grade of three different public high schools in Chiba prefecture, who wished to have health checkups. Informed consent for the procedure was obtained from all participants. Height was measured to the nearest 0.1 cm without shoes and weight was measured to the nearest 0.1 kg including the same clothing. Body mass index (BMI) was calculated as weight divided by height squared (kg/m 2 ). Waist circumference was measured at the umbilical level without clothing to the nearest 0.1 cm. Blood pressure was determined by the conventional cuff method using a mercury sphygmomanometer after the students had rested for at least 15 minutes sitting on a chair. We measured blood pressure three times and the average of the second and third measurements was used. Blood samples were taken in the morning after an overnight fast to analyze the blood cell count and serum levels of AST, ALT, -GTP, FBS, FIRI, triglyceride, total cholesterol, high-density lipoprotein (HDL)-cholesterol and uric acid. All enzymatic and immunoassays were performed at a commercial laboratory center (SRL Inc., Tokyo, Japan). The levels of preheparin LpL mass were measured in fasting-state serum by an enzyme-linked immunosorbent assay. Adiponectin, leptin, desacyl-ghrelin, resistin and high sensitivity C-reactive protein (hs-CRP) were measured at the same laboratory (SRL); these adipocytokines and/or inflammatory markers were measured using a human adiponectin ELISA kit (Otsuka Pharmaceutical Inc., Tokyo, Japan), human leptin RIA kit (Linco Research, Inc., St Charles, MO, USA), desacyl-ghrelin ELISA kit (Mitsubishi Kagaku Iatron Inc., Tokyo, Japan), human resistin ELISA kit (Bio Vende Laboratory Medicine, Modrice, Czech Republic) and an N-latex CRPII kit (Dade Behring Inc., Marburg, Germany), respectively.
Ultrasonography
Fat thickness was measured by SonoSite MicroMaxx ultrasonography equipment (SonoSite, Inc., Bothell, WA, USA) 6) with a 3.75-MHz convex-type probe by the method of Suzuki et al. 7) . The probe was held perpendicular to the skin in the upper middle of the abdomen while the subject was in the supine position and a longitudinal scan was performed from the xiphoid process to the umbilicus. Scanning was performed with breath holding to keep the surface of the liver parallel to the skin as closely as possible. If the thickness was uneven, we used the maximum thickness of preperitoneal fat as the PFT, and the minimum thickness of the abdominal wall subcutaneous fat as the subcutaneous fat thickness (SFT). PFT was previously shown to be positively correlated with the visceral fat area obtained with computed tomography (CT) (r 0.70, p 0.001) 7) and we found that 8-mmthick preperitoneal fat was equivalent to a visceral fat area of 100 cm 2 , as measured by CT 8) . Therefore, we categorized the participants according to the presence of visceral obesity, which was defined as PFT 8 mm. We diagnosed fatty liver using hepatorenal echo contrast scans. Hepatorenal echo contrast was diagnosed based on a marked contrast between the hepatic and right renal parenchyma on a right intercostal sonogram performed along the midaxillary line. Fatty liver was graded stepwise based on the intensity of the ultrasonography findings as either none (no hepatorenal echo contrast), mild (hepatorenal echo contrastpositive), moderate (hepatorenal echo contrast-positive with hepatosplenic contrast-positive), and severe (hepatorenal echo contrast-highly positive with hepatosplenic contrast-positive), as previously described 9) . All ultrasonographic images were stored as photocopies and two specialists reviewed the photocopies and classified the findings without knowledge of the participants' data.
Statistical Analysis
Values are expressed as the means standard deviation. Statistical analyses, including Student's t -test, correlation analyses and linear regression analysis, were performed using SAS 8.0 software (SAS Institute Inc., Cary, NC, USA). A level of p 0.05 was considered significant.
Results
The general characteristics and laboratory param-eters of the subjects are shown in Table 1 , 2. Height, weight, waist circumference and blood pressure were significantly higher in boys and the waist to height ratio was significantly higher in girls. The red blood cell count, hemoglobin, hematocrit, AST, ALT, -GTP, FBS, total cholesterol and uric acid levels were significantly higher in boys, whereas the preheparin LpL mass and HDL-C level were significantly higher in girls. With regard to adipocytokine levels, adiponectin, leptin and resistin tended to be higher in girls. There were no significant differences in desacyl-ghrelin and hs-CRP levels between boys and girls. Average PFT, i.e., visceral fat thickness measured by ultrasound, was 4.21 mm in boys and 4.73 mm in girls, and average SFT was 5.10 mm in boys and 8.11 mm in girls. The results of simple regression analysis between PFT and blood chemistry and adipocytokine levels are shown in Table 3 . There was a positive correlation between PFT and BMI, waist circumference and the waist to height ratio, SFT and leptin in both sexes. Positive correlations between PFT and ALT, -GTP, FIRI, triglyceride, uric acid and leptin levels, and negative correlations with HDL-C were observed in boys. There were also positive correlations between PFT and FIRI and leptin, and negative correlations with HDL-C and adiponectin in girls.
To identify the factors associated with visceral fat accumulation, multivariate regression analysis was also performed using PFT as the dependent variable and each factor as independent variables. Leptin (p 0.0001) and TG (p 0.03) were independently associated with PFT in boys, and leptin (p 0.001) was independently associated with PFT in girls; therefore, leptin was the most appropriate marker for PFT in both sexes (p 0.0001) in Table 4 .
In our study cohort, 20 boys (10.3%) and 16 girls (9.8%), i.e., 36 participants (9.6%), exhibited visceral obesity. BMI, waist circumference, waist to height ratio, and SFT were significantly higher in both sexes in subjects with visceral obesity than in subjects without. Boys with visceral obesity had significantly higher values for waist circumference, waist to height ratio, PFT, SFT, ALT, -GTP, FIRI, and total cholesterol, and lower HDL-C levels. In other words, they had liver dysfunction, hyperinsulinemia and hyperlipidemia. In addition, they had higher leptin and lower adiponectin and desacyl-ghrelin levels. Girls with visceral obesity had significantly higher values for waist circumference, waist to height ratio, PFT, SFT, and leptin levels, but there were no apparent differences in the other parameters between groups, as shown in Table 5 .
In total, 32 boys (16.6%) and 55 girls (30.4%), i.e., 87 participants (23.3%), exhibited hepatorenal echo contrast positivity. Of the 36 participants with visceral obesity, six (16.7%) showed hepatorenal echo contrast positivity. Moderate fatty liver was investigated in five boys and one girl, but none of the participants had severe fatty liver. Boys with hepatorenal echo contrast positivity had higher values for waist circumference, waist to height ratio, SFT, -GTP, FIRI, and leptin levels. Girls with hepatorenal echo contrast positivity showed no significant differences from those without, except for ALT and uric acid levels, as shown Abbreviations: BMI, body mass index; WC, waist circumference; WC/BH ratio, waist circumference divided by body height; SFT, subcutaneous fat thickness; SBP, systolic blood pressure; DBP, diastolic blood pressure; AST, aspartate aminotransferase; ALT, alanine aminotransferase; -GTP, gamma-glutamyltransferase; FBS, fasting blood sugar; FIRI, fasting immunoreactive insulin; LpLmass, lipoprotein lipase mass; TG, triglyceride; TC, total cholesterol; HDL-C, high density lipoprotein cholesterol; UA, uric acid; hs-CRP, high sensitivity C-reactive protein. in Table 6 . We compared the differences among hepatorenal echo contrast positivity with or without visceral fat accumulation and hepatorenal echo contrast negativity in Table 7 . Difference among the three groups were compared by one-way analysis of variance (ANOVA) with Tukey-type multiple comparison. P-values less than 0.05 were considered significant. Boys with hepatorenal echo contrast positivity with visceral adiposity showed significantly higher values for waist circumference, waist to height ratio, PFT, SFT, high systolic pressure, -GTP, FIRI, and leptin levels, and lower values for LpL mass, HDL-C and adiponectin.
Discussion
Although the participants were enrolled from three different schools, there were no significant differences in BMI or the ratio of obesity between the participants and the entire student body, all of whom were measured (data not shown).
The anthropometric data and blood cell counts were within the normal limits by sex, and blood chemistry showed that, but AST, ALT, -GTP, FBS, total cholesterol, and uric acid levels were significantly higher in boys. On the other hand, preheparin LpL mass and HDL-C levels were significantly higher in girls. LpL hydrolyzes dietary and endogenous triglycerides, which are synthesized mainly in adipose and muscle tissue 10, 11) . LpL is mainly active on vascular cell surfaces and sensitive immunoassay systems have demonstrated that the presence of LpL in serum (preheparin mass) reflects LpL production. Several studies have reported that the serum preheparin LpL mass is decreased in visceral adiposity 12, 13) and is positively correlated with HDL-C levels and negatively correlated with triglyceride levels. In this study, the average preheparin LpL mass was 79.7 ng/mL in boys Abbreviations: BMI, body mass index; WC, waist circumference; WC/BH ratio, waist circumference divided by body height; SFT, subcutaneous fat thickness; SBP, systolic blood pressure; DBP, diastolic blood pressure; AST, aspartate aminotransferase; ALT, alanine aminotransferase; -GTP, gamma-glutamyltransferase; FBS, fasting blood sugar; FIRI, fasting immunoreactive insulin; LpLmass, lipoprotein lipase mass; TG, triglyceride; TC, total cholesterol; HDL-C, high density lipoprotein cholesterol; UA, uric acid; hs-CRP, high sensitivity C-reactive protein.
and 90.4 ng/mL in girls, which were above the standard range for adults (40 − 70 ng/mL) and the level in girls was significantly higher than in boys (p 0.0001). This was consistent with an earlier study showing that women had higher LpL levels than men 14) . With regard to adipocytokines, the levels of adiponectin, leptin and resistin tended to be higher in girls. Adiponectin is secreted from adipose tissue and is abundantly present in the human plasma. Levels of adiponectin are generally higher in women than in men and are inversely correlated with BMI 15) . Adiponectin is also known as a modulator of the endothelial inflammatory response and is associated with coronary heart disease 16) . Our finding that the plasma adiponectin concentration was higher in girls than boys is physiologically relevant.
Leptin is another adipocyte-derived hormone that affects appetite and energy expenditure 17) . In obesity, the plasma leptin concentration is elevated and its production depends on the amount of adipose tissue 18) . In general, the plasma leptin level is higher in women than in men 19) and here we found that it was higher in girls than in boys.
Resistin is also an adipocyte-secreted hormone that is known to promote insulin resistance by inhibiting glucose uptake in muscle and adipose tissue. Serum concentrations of resistin are correlated positively with BMI and the waist to hip ratio in humans 20) ; however, in our study, girls showed higher levels of serum resistin and insulin than boys, despite higher levels of adiponectin and leptin, which contradict each other. Recent studies have been made to understand the divergence in characteristics between murine resistin and human resistin 21) , and further studies are clearly needed.
We also determined the levels of desacyl-ghrelin and hs-CRP levels. Desacyl-ghrelin is a fast-acting hormone that is secreted from the stomach and plays a role in initiatiing eating. Its plasma concentrations are elevated before a meal under negative-energy conditions and lowered after a meal 22, 23) . In this study, plasma desacyl-ghrelin concentrations were within the physiological range and there was no difference between boys and girls.
Hs-CRP is considered to be an inflammatory marker because it shows a close association with cardiovascular disease in clinical studies 24) . Hs-CRP is found in the liver, monocytes, macrophages, and adipose tissue, and its level is negatively correlated with adiponectin in adipose tissue 25, 26) . It was no surprise that the hs-CRP level was within the normal range in our participants.
Marker for Visceral Fat Accumulation
Visceral obesity (i.e., PFT) was assessed by ultrasonography and even with hand-held equipment; this technique was appropriate to determine PFT. From multivariate regression analysis, using PFT as a dependent variable and other factors as independent variables, it was revealed that leptin and TG were independently associated with PFT in boys and leptin was independently associated with PFT in girls. As the production of leptin is known to depend on the amount of adipose tissue, it is unsurprising that leptin levels are higher in girls because they usually have more fatty tissue than boys. The measurement of other surrogate markers for visceral fat accumulation is needed to more precisely determine the mechanisms that regulate PFT.
In previous studies, PFT was positively correlated with the visceral fat area determined by CT and we defined visceral obesity as PFT 8 mm 8) . Some studies have reported cut-off values for PFT that are very close to ours. One study performed in adults 27) used receiver operating characteristic (ROC) curve analysis and reported cut-off values of 6.1 mm in men and 8.7 mm in women. In a study of school children 28) , the cut-off values for PFT were 4 mm for junior high school boys and 8 mm for junior high school girls. In both studies, visceral adiposity in men corresponded to smaller PFT values than in women.
Waist circumference and the waist to height ratio are well-known predictors for cardiovascular disease risk 29) , and the Japanese Society of Pediatrics criteria for metabolic syndrome include abdominal obesity, defined as waist circumference 80 cm and/or a waist to height ratio 0.5. We found that PFT was positively correlated with waist circumference and the waist to height ratio in both sexes and, when we estimated waist circumference with a calculated regression line, the PFT of 8 mm corresponded to a waist circumference of 78 cm in boys and 76 cm in girls, values that are very close to the established criteria. Assessments of abdominal fat distribution have recently been reported for infants, and the measurement of PFT is a reproducible method for investigating fat accumulation in early life 30) . Based on these results, PFT could be a good indicator of actual visceral fat accumulation.
Visceral Fat Accumulation
In the present study, even in healthy high school students who do regular exercise, visceral obesity was found in 9.6% of participants (10.3% boys and 9.8% girls). Of note, boys with visceral adiposity exhibited hyperinsulinemia, hyperlipidemia, liver dysfunction and hyperuricemia, in addition to other risk factors for atherosclerosis. Puberty is a period of rapid growth associated with hormonal, metabolic and body composition changes; therefore, the effect of puberty on insulin sensitivity is quite interesting. One report of randomly selected subjects aged 14 − 19 showed that fasting insulin peaked at age 16 and subsequently declined in both sexes, and the prevalence of metabolic syndrome (MetS) was highest in those aged 16 − 17 years 31) . Another study reported decreased insulin sensitivity in obese subjects mid-puberty, which had returned to pre-pubertal levels by the end of puberty 32) . We speculated that the elevated FIRI in those aged around 16 years may strongly contribute to insulin sensitivity and visceral fat accumulation. In our study, there was no significant difference in basal FIRI between sexes, but boys with visceral fat accumulation had higher FIRI. It is possible that adolescents with higher FIRI are more likely to develop fat accumulation and ultimately insulin resistance.
The fact that boys with visceral fat accumulation had higher ALT, lower LpL mass and lower adiponectin levels is also of particular interest. ALT is known to be related to the prognosis of cardiovascular disease and insulin resistance, particularly in men 33) , and lower LpL mass with visceral fat accumulation and decreased adiponectin levels are also known to modulate endothelial inflammatory responses in diabetes, obesity and cardiovascular disease 12, 34, 35) . In this study, elevated liver enzymes may reflect inflammation that damages insulin signaling in the liver, and lower LpL mass and adiponectin may induce endothelial inflammatory responses.
The reason why male subjects with visceral fat accumulation exhibit numerous risk factors for atherosclerosis is still unknown. In our previous study, a positive correlation between PFT and coronary stenosis and lipid disorders was found only in non-obese male subjects 36) . One possibility is hormonal effects. The rapid increase of testosterone in puberty is known to cause insulin resistance, and testosterone and its metabolites were reported to suppress adipocyte production and adiponectin levels 37) in males. In addition, the expression of androgen receptors and glucocorticoid receptors is reported to be greater in visceral adipocytes than in subcutaneous adipocytes 38) , and androgens are known to decrease adiponectin levels 39) . Accordingly, these factors may influence the development of atherosclerosis in males and it is clear that the prevention of fat accumulation, especially in boys, is essential to protect against atherosclerosis.
In this study, only two boys and no girls fulfilled the criteria of metabolic syndrome for adults. We also surveyed 186 students (71 boys and 115 girls) about their meals, exercise and leisure time activities, and tried to elucidate the tendency towards visceral obesity (data not shown). We found that students who do not regularly have breakfast, do insufficient exercise, or who play video games for long periods of time showed an increased tendency toward visceral obesity.
Fatty Liver
In Japan, the number of people undergoing health checkups and being diagnosed with fatty liver has been increasing since the 1980s, and has almost doubled within the last 10 years 40) . The frequency of fatty liver is higher in men than in women and is most commonly found in patients with excessive alcohol intake and excessive intake of carbohydrates 41) . In those aged less than 20 years, the frequency of fatty liver is approximately 20% in men and 5% in women 42) ; however, in our study, hepatorenal echo contrast positivity, regardless of obesity, was found in 23.3% of boys (32 participants) and 30.4% of girls (55 participants).
Non-alcoholic steatohepatitis (NASH) has recently become acknowledged as a potential cause of liver damage and is closely associated with MetS with excess lipid accumulation in apparently healthy people 43, 44) . In this study, neither alcohol intake nor any specific background was found among students but we do not know why more girls more commonly showed hepatorenal echo contrast. Generally, the definitions of fatty liver assessed by pathological methods and sonographic methods differ. Fatty change of the liver is defined as more than 5% of hepatocytes containing lipids while fatty liver is defined as more than 25% of hepatocytes containing lipids on histopathological diagnosis. By contrast, on ultrasound, fatty change of the liver is defined as more than 10% of hepatocytes containing lipids, and fatty liver is defined as more than 30% of hepatocytes containing lipids 45) . Therefore, this means that fatty change of the liver diagnosed by ultrasound includes livers in which more than 10%, but less than 30%, of hepatocytes contain lipids. Accordingly, it is possible that we included these areas in the hepatorenal contrast-positive group.
Liver biopsy is currently the most sensitive test in patients with NASH to exclude steatohepatitis, but is difficult to perform as part of routine screening. Instead, abdominal ultrasonography offers an alternative, non-invasive approach that can be used for early detection of NASH and MetS.
The boys who showed hepatorenal echo contrast positivity had statistically higher values of waist circumference, waist to height ratio, -GTP, FIRI and leptin. In particular, -GTP has been reported as an independent risk factor for cardiovascular disease and, in a prospective clinical trial, it could be used as a predictor of hepatic insulin resistance 46, 47) . In a study of MetS-free middle-aged Japanese men, higher -GTP levels were found to be a significant risk factor for both MetS and type 2 diabetes 48) . We speculated that boys with fatty liver and higher -GTP and FIRI levels could be more prone to developing insulin resistance.
Furthermore, higher values of LpL mass were observed in the hepatorenal echo contrast-positive group than in the hepatorenal echo contrast-negative group in both sexes ( Table 6 ). As the plasma LpL mass and hepatic LpL mRNA levels were reported to be significantly higher in morbidly obese patients 49) , higher LpL mass may cause fatty change with a higher capacity for resolving triglycerides; however, when we tried to evaluate the differences between the hepatorenal echo contrast-positive group, with or without visceral fat accumulation, and the hepatorenal echo contrast-negative group of boys, we found that boys with hepatorenal contrast positivity and visceral fat accumulation (PFT 8 mm) were the most metabolically affected ( Table 7 ) and had the lowest LpL mass, in addition to hypoadiponectinemia. Saiki et al. have also reported that low LpL mass was markedly involved in metabolic syndrome and might reflect systemic oxidative stress 13) . Clinically, fatty liver does not always coexist with visceral obesity; therefore, the regulation of fat accumulation in the liver and in adipose tissue appears to involve different mechanisms. Although the number of participants in this study was relatively small, it is unlikely to affect our conclusion that the coexistence of fatty changes of the liver and fat accumulation are atherosclerotic risk factors that need con-tinued evaluation.
Limitations
The number of participants was small and all participants were volunteers who wished to undergo health checkups. Because all participants were Japanese, generalizability to the non-Japanese population is limited. Visceral-type obesity was defined by ultrasonography.
Conclusion
We tried to determine the risk factors of atherosclerosis in apparently healthy high school students and found a marked difference in the frequency of visceral obesity and fatty liver between boys and girls. Boys with visceral obesity and with fatty liver exhibited stronger associations with risk factors for atherosclerosis. Physical examination of high school students is important to allow for early detection of atherosclerosis and prevent its progression and associated complications.
